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 ABSTRACT 
 
 
 
Keough, Stacy A. M.S., Purdue University, December 2015. Surveying Indiana Soybean 
for Soybean vein necrosis virus (SVNV) and Analysis of SVNV on Life History Traits 
and Host Preference of Thrips Vectors. Major Professor: Punya B. Nachappa. 
 
 
 
 Soybean vein necrosis virus (SVNV) is a new viral disease infecting soybean 
crops in the United States. Since its discovery in 2008, it has since spread to infect many 
states in the US and has also been detected in Ontario, Canada. SVNV has been identified 
as being a new virus in the genus Tospovirus, which are typically transmitted or vectored 
by thrips. Thrips species make up a large proportion of arthropods found in soybean 
fields, sometimes accounting for up to half of the arthropods collected. So far, only 
soybean thrips have been confirmed to transmit SVNV. However, eight other species of 
thrips are found in soybean fields, including eastern flower thrips and tobacco thrips. The 
goal of my thesis project is to improve our understanding of the plant pathogen, SVNV, 
and the thrips vectors of SVNV. There were two main objectives of the project. 
The first objective was to determine SVNV incidence and seasonal patterns of 
thrips abundance in soybean fields, and to determine the effects of weather on these two 
factors. SVNV was quite widespread during the 2013 and 2014 growing seasons in 
Indiana. Virus incidence as well as thrips abundance showed seasonal patterns, with 
SVNV symptoms being detected in August, coinciding with the highest incidence of 
thrips. Weather parameters, such as degree day and rainfall index varied in their ability to 
predict the abundance of different species in the field. Cumulative degree day was the 
most useful parameter in predicting soybean, eastern flower, and tobacco thrips 
abundance using short term weather data. However, the rainfall index became more 
important in determining thrips abundance over the long term for soybean thrips.
ix 
 
The second objective was to determine the life history traits of infected and 
uninfected soybean thrips as well as the life history traits of different species of thrips on 
soybean. Total fecundity was the only life history trait studied that showed a significant 
difference between SVNV-infected and –uninfected soybean thrips. However, this is the 
first report that shows that SVNV infection has a direct negative impact on soybean thrips 
vectors. Soybean thrips also showed the highest fecundity on soybean out of the three 
species studied. Outcomes of this study will increase the known information and 
understanding of population dynamics of SVNV and thrips vectors in the field, as well as 
the life history traits of known and potential vectors of SVNV, all of which will be 
beneficial in implementing management strategies to control the spread of SVNV.
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CHAPTER 1: SURVEYING INDIANA FOR SOYBEAN VEIN NECROSIS VIRUS 
(SVNV) AND POTENTIAL THRIPS VECTORS 
 
 
 
Introduction 
 
Soybean 
Soybean (Glycine max (L.) Merr.) is one of the most economically important 
crops in the United States, where the U.S. remains the leading producer and exporter of 
soybean (USDA 2012). In 2013, Indiana alone produced about 2.7 million bushels of 
soybean (USDA 2015b) which valued about $3.5 billion, with the price per bushel being 
$13.20 on average (USDA 2015a). In 2014, Indiana increased production, producing 
about 3.1 million bushels of soybean (USDA 2015b) which valued about $3.2 billion, 
with the price per bushel being $10.30 on average (USDA 2015a). 
 
Impacts of Pathogens and Arthropods on Crop Yield 
There are fungal, bacterial, and viral pathogens as well as nematodes and insect 
pests that can infect soybean and reduce yield. Fungal diseases infecting soybean include 
sudden death syndrome (SDS), caused by Fusarium virguliforme and Fusarium root rot, 
caused by several species of Fusarium. In a long term study, from 1994 to 2010, 
estimated soybean yield loss in the United States from Fusarium species was 
approximately 36.2 million bushels per year, most of which was from SDS (Arias et al. 
2013). Nematodes, such as the soybean cyst nematode Heterodera glycines Ichinohe, are 
capable of causing yield loss of 20-30%, even when there are no visible symptoms of 
infestation (Young 1996). Bacterial blight, caused by Pseudomonas savastanoi pv. 
glycinea (Psg), is another soybean disease that can cause yield loss ranging from 4-40% 
in the United States (Qi et al. 2011). Finally, insect pests such as soybean aphid can 
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reduce soybean yield by up to 52% (Hill et al. 2001) and can also transmit plant viruses 
such as Soybean Mosaic Virus (SMV), which itself can cause yield loss ranging from 8-
35%; however, soybean yield reduction of up to 94% from SMV has been reported 
(Giesler 2013). 
A growing threat that has the potential to drastically impact soybean production is 
a new Tospovirus, called Soybean vein necrosis virus (SVNV). As yet, there are no 
published reports as to the effect of SVNV on soybean damage or yield loss. However, 
another virus in the genus Tospovirus, Tomato spotted wilt virus (TSWV), has been 
estimated to cause about a $1.4 billion loss in peanut, tobacco, tomato, and pepper crops 
in the United States alone (Riley et al. 2011). Damage from thrips feeding can also occur 
on some field crops; up to a 50% yield loss in onion was caused by onion thrips, (thrips 
tabaci Lindeman) (Bag et al. 2014). Any reduction in yield will be harmful to the 
economy of Indiana as well as the United States. 
 
Epidemiology of Tospoviruses 
There are many different factors that can affect the epidemiology and spread of 
Tospoviruses. Some of these factors include alternative weed hosts, different virus 
isolates, weather events, and the amount of virus in the plant and insect vector (Groves et 
al. 2002, Okazaki et al. 2011, Chappell et al. 2013, Jacobson and Kennedy 2013). Other 
factors are directly related to the thrips vectors, such as the species of thrips that are able 
to transmit certain Tospoviruses, populations and abundance of thrips in the field, and 
differential feeding between the sexes (Nagata et al. 2002, Stafford et al. 2011, Chappell 
et al. 2013). Tospovirus infections are typically the result of primary spread, from nearby 
alternative hosts into the susceptible crops (Garcia et al. 2000, Culbreath et al. 2003). 
Secondary spread is more limited, which is the movement of viruliferous thrips within the 
same field (Garcia et al. 2000, Culbreath et al. 2003). 
The host plant may be susceptible to virus infection; however, unless the plant 
also supports the reproduction of thrips vectors, it is considered a “dead end” host for the 
virus (Groves et al. 2002). Also, thrips may more easily acquire the virus from certain 
host plants compared to others. In one study of western flower thrips and TSWV, there 
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was a significantly higher number of viruliferous thrips from tomato (Lycopersicon 
esculentum) than from Jimson weed (Datura stramonium) that were used as host plants 
(Roca et al. 1997). 
Alternative hosts, such as weeds, can also contribute to the spread of 
Tospoviruses. In Florida, flowering plants were sampled surrounding tomato fields, and 
Frankliniella tritici was the most abundant thrips species that was collected, followed by 
F. bispinosa, F. occidentalis, and F. fusca (Chellemi et al. 1994). These same flowering 
plants could potentially harbor Tospoviruses, and the movement of thrips from these 
plants to the field crops could cause outbreaks of disease. Before crops are planted, 
Tospoviruses and thrips vectors may infect winter weed hosts, which would increase the 
virus inoculum that could potentially be spread to more important field crops in the 
spring (Chappell et al. 2013). Summer weeds are thought to be involved as well, 
spreading Tospoviruses to winter weeds after crops are harvested (Kahn et al. 2005). 
 
Thrips Populations and Abundance in the Field 
The abundance of thrips species in the field will change depending on geography 
and the type of crop. Different thrips species can transmit different Tospoviruses, and 
thus particular species on certain crops will cause more damage than on other crops. To 
date, there are 14 different thrips species known to be capable of transmitting 
Tospoviruses (Riley et al. 2011). Some Tospoviruses can be transmitted by multiple 
species of thrips, such as TSWV, which can be transmitted by 7 different species of thrips 
(Whitfield et al. 2005). In soybean fields, thrips can comprise up to half of the arthropods 
collected (Irwin et al. 1979). Soybean thrips (Neohydatothrips variabilis (Beach)) are one 
of the most abundant thrips species found in soybean fields. Other species that are present 
include eastern flower thrips (Frankliniella tritici) and tobacco thrips (Frankliniella fusca 
(Hinds)) (Irwin et al. 1979). Other reports of thrips found on soybean include Caliothrips 
impurus (Priesner), Caliothrips phaseoli (Hood), Frankliniella insularis (Franklin), 
Frankliniella occidentalis (Pergande), Frankliniella schultzei (Trybom), Scirtothrips 
dorsalis (Hood), Sericothrips occipitales (Hood), Taeniothirps sjostedti (Trybom), Thrips 
palmi (Karny) and Thrips tabaci (Lindeman) (Viteri et al. 2010). 
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Location also plays a powerful role in thrips abundance. In Missouri, soybean 
thrips were the most abundant (Irwin et al. 1979), while in Puerto Rico, Thrips palmi 
were the most common species of thrips that were found on soybean in the locations 
surveyed (Viteri et al. 2010). Since many thrips species are polyphagous, it is important 
to know the species of thrips found on nearby crops as well. For example, on maize (Zea 
mays L.), Frankliniella tenuicornis (Uzel) and Haplothrips aculeatus (Fabricius) were 
found to be the most abundant thrips species (Kucharczyk et al. 2011). 
 
Impacts of Climate on Thrips Vectors and Virus Incidence 
The interactions of virus-vector-host are complicated, and each component can be 
affected by climate, such as temperature and precipitation. For example, temperature can 
affect the population of thrips in the field since it has an effect on their developmental 
rate (Morsello et al. 2008). Dry, warm weather will benefit thrips populations, and is 
required for thrips dispersal (Morsello et al. 2010). Precipitation has both positive and 
negative effects on thrips in the field. Rainfall can kill juvenile stages of thrips, and 
suppress flight activity of adults, thus decreasing thrips dispersal (Chappell et al. 2013). 
In some cases, dispersal was affected up to 5-6 weeks after precipitation occurred 
(Morsello et al. 2010). However, precipitation also benefits the growth of host plants, 
which would benefit thrips populations. Soil moisture is also important for pupal survival 
(Morsello et al. 2010). For both F. fusca and T. tabaci, degree day was found to be the 
factor that benefited the thrips populations the most, which takes into account average 
daily temperatures (Morsello et al. 2008). There is no published information on the 
impact of climatic factors on soybean thrips populations. 
Weed hosts, as mentioned above, can also play a role in virus incidence in the 
field, and these are affected by temperature and precipitation as well. For example, a 
warm winter will lead to a higher abundance of potential winter hosts for the virus as well 
as a higher population of thrips (Chappell et al. 2013). For TSWV, there are over 600 
plant species that can act as hosts. However, of these plant species, it is the plants that can 
also act as reproductive hosts for thrips vectors that are the most important for virus 
spread (Groves et al. 2002). Precipitation can delay senescence of winter weed hosts, 
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which would lead to a higher abundance of virus in weed hosts during the spring, when 
susceptible crops and summer weeds are becoming available (Morsello and Kennedy 
2009). The role of summer weed hosts is of interest as well, as one survey found that 
there have been cases when TSWV-infected winter weeds were developing while the 
summer weeds were emerging, which were also found to be infected with TSWV 
(Groves et al. 2002). 
 
Objectives 
The overall goal is to improve our understanding of the plant pathogen, SVNV, 
and the thrips species that are vectors of this virus. Outcomes of this study will increase 
the known information and understanding of population dynamics of SVNV and thrips 
vectors in the field, which will be beneficial in implementing management strategies to 
control the spread of SVNV. 
Objective 1: To determine the incidence of SVNV and seasonal patterns of thrips 
species in Indiana soybean fields. 
Hypothesis: SVNV will be confirmed in all of the soybean fields that test, 
showing that the disease is spreading throughout the state, and that symptoms of SVNV 
will correlate with specific thrips species abundance in the field. 
Objective 2: To determine the short term and long term effects of weather 
parameters, such as precipitation and temperature, on SVNV incidence and thrips 
abundance. 
Hypothesis: Precipitation will have a negative effect on the abundance of thrips 
species in the field, while temperature will have a positive effect on thrips populations, 
but that these may be different when comparing short term and long term effects. 
 
Materials and Methods 
 
Survey of SVNV and Thrips 
In order to determine SVNV disease incidence, I surveyed soybean fields at 
various Purdue agricultural centers (PACs) locations in 2013 and 2014. I visited 5-7 
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PACs within Indiana, each in a different region of the state (Figure 1.1). There were also 
five farmers that contacted me, and gave me permission to collect samples at their fields 
throughout Indiana. The PAC fields were monitored at least 3 times throughout the 
growing season (From May-October), while the private farms were visited at the owner’s 
convenience, but were visited at least once during the growing season. Soybean leaves 
showing possible SVNV symptoms were photographed, flash frozen using liquid 
nitrogen, and then kept on dry ice in order to be transported back to the lab and tested to 
confirm the presence of SVNV. 
Insect nets were used to sweep soybean fields, sweeping along the upper canopy 
to the right and left along a straight walking path, lengthwise along the middle of the 
field. Two more passes were made in straight lines about 10 m to the right and left of the 
mid-line, but no less than 10 m away from the edge of the field to avoid edge effects. 
Thrips species were collected from the sweep nets with aspirators every 15-20 m. 
Seasonal patterns of thrips were determined by analyzing suction trap samples from the 
North Central Regional Soybean Aphid Suction Trap Network, which has suction traps 
set up at some of these PACs in Indiana. The suction traps were set up to collect 6.7m 
above the ground, from 7:00am-8:00pm between May and October (Rhainds et al. 2010). 
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Figure 1.1. Map of Indiana, showing locations of the Purdue Agricultural Centers. Photo 
from Purdue Agricultural Center website. 
 
 
 
Analysis of Suction Trap Contents 
Suction trap contents were sent from the University of Illinois, Urbana-
Champaign, containing a mixture of insects preserved in a 50% propylene glycol aqueous 
solution (Rhainds et al. 2010). Contents were filtered, and insects were sorted under a 
dissection microscope. Any thrips that were found were further sorted by species using 
morphology, referencing pictures and information from a field identification guide of pest 
thrips in the United States (Hodges et al. 2009). Thrips samples were preserved in 70% 
ethanol in microcentrifuge tubes, and were sent to Dr. Rajagopalbabu Srinivasan at the 
University of Georgia to confirm species identification. 
 
Detection of SVNV 
Pictures of the collected leaf samples were used to identify which samples were 
likely to be infected with SVNV, based on comparisons of symptoms with previous 
studies (Zhou et al. 2011, Khatabi et al. 2012, NCSRP 2014). Leaf samples showing early 
and late symptoms of SVNV were tested using Reverse-Transcriptase Polymerase Chain 
Reaction (RT-PCR). First, RNA was extracted from leaf tissue using the Trizol® 
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(Invitrogen, Grand Island, New York) method, and then the quantity and quality was 
checked using a Nanodrop® spectrophotometer. The Verso cDNA® synthesis kit 
(Thermo Scientific, Pittsburgh, PA) was used to make cDNA. One µl of cDNA was used 
as the template for RT-PCR. The specific SVNV primers used amplify a fragment of the 
nucleocapsid protein (NP) of the virus (Zhou et al. 2011). The specific sequence for the 
SVNV forward primer was CCTCTCATTTGGGGTGCCAT, and the reverse primer was 
GCAGGACCAAGCAATGCAAA (Zhou et al. 2011, Khatabi et al. 2012). ELF1-b 
primers were used as an internal control in soybean: The forward primer was 
ACTCTGCACTCACCACTGCC, and the reverse primer was 
AGGAAAGTCTTGGAGCAAGTTGAG. 
Insects collected from the field were also tested for SVNV infection using RT-
PCR. RNA was extracted from individual thrips using the Chelex 100 (Bio-Rad, 
Hercules, CA) method (Boonham et al. 2002) and 11µl of RNA was used for cDNA 
synthesis. The same SVNV primers used for the leaf samples were also used for the 
thrips samples. Cytochrome C oxidase subunit (CO1) primers were used as an internal 
control in soybean thrips (Harwood et al. 2007). The CO1 forward primer was 
GGATTTATTGTTTGAGCACACCAC and the reverse primer was 
TCCTGTCAATCCTCCTAATGTGA for soybean thrips. 
 
Weather Data 
Weather data for 2013 and 2014 was downloaded from two different databases in 
order to ensure the most accurate readings for temperature and precipitation data.  The 
first database, Indiana State Climate Office (iclimate.org) was used to collect average 
high and low temperatures, which were later used to calculate degree day. Daily degree-
day was calculated using the following equation, as seen in Morsello et al (2008), with 
the difference that temperature was recorded in °C for their data. 
DD (daily) = {(Daily high T [°F] + Daily low T [°F])/2} – lower developmental threshold 
(°F) 
Since the specific lower developmental threshold is not known for all species of 
thrips, 50°F was used as the lower developmental threshold, which is commonly used as 
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the lower developmental threshold, and generally accepted as an appropriate 
approximation for many plant and insect species (Herms 2004). All data from Indiana 
State Climate Office is collected at the PAC locations, and includes data for DPAC, 
NEPAC, PPAC, SEPAC, and TPAC, corresponding to the same locations for which we 
also have suction trap data. 
Precipitation data, including total precipitation and number of days of 
precipitation, was downloaded from the Midwest Regional Climate Center, using the cli-
MATE database. When available, the precipitation data used was collected directly at the 
PAC locations. For the locations in which precipitation data was not collected directly at 
the PACs, the nearest location as possible to the PAC fields was used. All locations for 
precipitation data that were not directly collected at the PACs were 5.3 miles or less from 
the PAC fields. 
The short term weather data that was collected were from time frames of 2 week 
intervals, during the collection times for the suction traps, starting with May 1st-May 14th, 
and continuing throughout the entire growing season, with the last 2 week interval being 
Oct 30th-Nov 12th. Daily high and low temperature values were used to calculate daily 
degree day. Cumulative degree day was calculated by summing the daily degree day for 
each two week period. Total precipitation data was summed for the two week period, and 
finally the number of days in which precipitation occurred was counted and recorded for 
each two week period. 
For the long term weather data that was collected, 6 week time intervals were 
used prior to the collection times for the suction traps, starting with March 20th-April 30th, 
and continuing throughout the growing season, with the last 6 week interval being 
September 18th-October 29th. Cumulative degree day, total precipitation, and the number 
of days of precipitation were calculated as above, but for the prior 6 week time frame. 
 
Statistical Analysis 
Correlation analysis of both short term and long term weather data was performed 
to determine if the independent variables cumulative degree day, total precipitation, and 
number of precipitation days could be used in regression analysis. For both short term 
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and long term data, total precipitation and the number of precipitation days were 
correlated (P-value = 0.000). Therefore, a “rainfall index” was used to combine these 
variables, (Morsello et al. 2010), which was calculated by multiplying centimeters of 
precipitation by the number of precipitation days for each time interval, for each year and 
each location. 
The Ryan-Joiner test was performed on the thrips counts, each species separately, 
to test for normality. Thrips counts for each species were log10 transformed in order to 
pass the normality test. The log10 transformed counts were then analyzed using a general 
linear model to determine if thrips counts were significantly different between location 
and year. Finally, reverse variable selection was performed for each species to determine 
which of the weather factors were significant in determining thrips abundance in the 
field. All statistical analyses were performed using Minitab Version 16 and 17 (Minitab® 
Stat College, PA). 
 
Results 
 
Incidence of Soybean vein necrosis virus in Indiana 
In 2013, approximately 57 whole soybean plants were taken from 6 different 
counties throughout Indiana. In addition to whole plants, approximately 167 individual 
leaf samples were collected from these same counties, flash frozen, and transported back 
to the lab to test for Soybean vein necrosis virus (SVNV) infection (Figure 1.2A). Out of 
the leaves tested in 2013, about 74% of the leaves were positive for SVNV (Table 1.1). 
The first positive samples were sent out for sequencing to confirm that it was SVNV 
infection that was being detected using RT-PCR. These samples were later used as 
positive controls to test other field samples. Healthy leaf samples were also collected 
from the field to use as negative controls, all of which tested negative for SVNV. 
In 2014, approximately 189 individual leaf samples were collected from 8 
different counties throughout Indiana (Figure 1.2B). Out of the leaves tested in 2014, 
about 49% of the leaves were positive for SVNV (Table 1.1). Healthy leaf samples were 
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collected from the field to use as negative controls, all of which tested negative for 
SVNV. 
 
Table 1.1. Percentage of leaf samples positive for Soybean vein necrosis virus (SVNV) in 
soybean fields by county, in 2013 and 2014. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Location (county) SVNV Positive Samples 
 2013 2014 
Allen -- 50 
Jennings 80 100 
Knox 33 17 
LaPorte 75 100 
Lawrence -- 100 
Noble 50 -- 
Randolph 100 50 
Tippecanoe 100 100 
Whitley -- 0 
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Figure 1.2. Map of Indiana, showing the incidence of Soybean vein necrosis virus 
(SVNV) in soybean fields in A) 2013 and B) 2014. Dark gray indicates the counties 
where samples were positive for SVNV, while light gray indicates the counties where 
samples were tested but were negative for SVNV. 
 
 
 
Thrips Abundance in Indiana 
In both 2013 and 2014, suction trap samples were collected from the North 
Central Regional Soybean Aphid Suction Trap Network, which has suction traps set up at 
some of the PACs throughout Indiana. Contents of the suction traps were collected 
throughout the growing season, and sent to us in individual packets. In 2013, 80 
individual packets were sorted to determine the abundance of thrips species at 5 different 
PACs in Indiana (Figure 1.3, Table A.1). In June 2013, thrips counts were initially higher 
for the southernmost PACs (out of the ones where suction traps were located), which 
Jennings 
Knox 
LaPorte 
Noble 
Randolph 
Tippecanoe 
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Jennings 
Knox 
LaPorte 
Lawrence 
Randolph 
Tippecanoe 
Whitley 
A B 
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includes DPAC and SEPAC. However, there was a decrease in thrips abundance for 
every location in June, with the exception of PPAC, which overall had the lowest number 
of thrips compared to the other PACs throughout the growing season. This overall decline 
is followed by thrips population recovery and increase in August, with the northernmost 
PACs showing the peak abundance during this time, as well as SEPAC showing a second 
peak (Figure 1.3). This peak in thrips populations coincides with SVNV symptoms found 
in the soybean fields. Of the three species studied, eastern flower thrips showed the 
highest counts during the beginning half of the growing season, while soybean thrips 
became the highest in abundance later in the growing season (Table A.1). 
In 2014, 108 individual packets were sorted through to determine the abundance 
of thrips species at the same 5 PACs in Indiana as in 2013 (Figure 1.3, Table A.2). For 
June 2014, only SEPAC, the most southern PAC, showed an initial peak in thrips 
abundance. There was a dramatic increase in thrips populations at NEPAC in July, while 
the other locations showed similar thrips numbers as June (Figure 1.3). In August, all 
locations showed the highest peak in thrips abundance, again coinciding with SVNV 
symptoms found in the soybean fields. Eastern flower thips were the most abundant 
species in 2014 in the beginning of the growing season. Soybean thrips became the most 
abundant later in the growing season, but a month earlier compared to 2013 (Table A.2). 
Tobacco thrips had consistently low levels for each location throughout the growing 
season for both years (Table A.1, A.2). Further analysis was done in order to determine if 
there was a relationship between location, year, thrips counts, and weather conditions in 
the field.
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Thrips counts were log 10 transformed in order to pass normality; P-values were 
>0100, 0070, and >0100 for transformed soybean thrips, transformed eastern flower 
thrips, and transformed tobacco thrips, respectively. The log10 transformed thrips counts 
for each species were analyzed using a general linear model to determine if there was an 
effect of location or year on thrips counts. For all three species studied, there was no 
significant difference in thrips counts between locations or between years (Table 1.2). All 
thrips counts and weather data were pooled for location and year since there were no 
significant differences between PACs or between 2013 and 2014 data, regardless of 
species. Eastern flower thrips had the highest abundance early in the season, peaking in 
June and again in August. Soybean thrips also peaked in August, and then had the highest 
abundance later in the season, starting in September. Tobacco thrips had a slight peak in 
August as well, but remained at a low abundance throughout the entire growing season 
(Figure 1.4). 
 
 
Table 1.2. P-values from the general linear model analysis, comparing log10 transformed 
thrips counts (each species separately) between location (PPAC, NEPAC, SEPAC, 
DPAC, and TPAC), year (2013 and 2014), and the interaction between location and year. 
 
 
 
 
 
 
 
 Soybean Eastern flower Tobacco 
Location 0.353 0.754 0.099 
Year 0.637 0.413 0.097 
Location*Year 0.437 1.000 0.279 
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Figure 1.4. Total thrips abundance for three species, soybean thrips, eastern flower thrips, 
and tobacco thrips, throughout Indiana during the soybean growing season, June-October, 
data pooled from 2013 and 2014. 
 
 
 
Short Term Weather Effects on Thrips Abundance 
In order to determine short term effects of weather on thrips populations, two-
week time intervals were used, summing the thrips counts from the suction traps and 
comparing the counts to cumulative degree day (DD) and the rainfall index (RI) during 
the same two-week periods. Reverse variable selection was performed for thrips counts 
that had been normalized by log10 transformation, starting with the inclusion of all of the 
weather predictors, DD and RI. 
Soybean thrips. The final regression equation for soybean thrips was: 
Log10 ST count = 0.616 + 0.00174 DD. 
The number of soybean thrips was positively related to cumulative DD, while the 
rainfall index showed no significant effect. The P-value for the regression was 0.009 and 
the R2 value was 7.6%. 
Eastern flower thrips. The final regression equation for eastern flower thrips was: 
Log10 EFT count = 0.146 + 0.00502 DD. 
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The number of eastern flower thrips was positively related to cumulative DD, 
while the rainfall index showed no significant effect. The P-value for the regression was 
0.0001 and the R2 value was 32.9%. 
Tobacco thrips. The final regression equation for tobacco thrips was: 
Log10 TT count = 0.346 + 0.00149 DD. 
The number of tobacco thrips was positively related to cumulative DD, while the 
rainfall index showed no significant effect. The P-value for the regression was 0.014 and 
the R2 value was 7.6%. 
 
Long Term Weather Effects of Thrips Abundance 
In order to determine the long term effects of weather on thrips populations, the 
same two-week time intervals of thrips counts from suction traps were used from above, 
but the weather variables were from a time period of 6 weeks prior to the thrips counts. 
Morsello, et al (2010), found that weather events can affect thrips populations 5-6 weeks 
after the event, therefore 6 weeks prior to the thrips counts were used, and shifted every 
two-weeks according to the time intervals set up for the thrips counts. Reverse variable 
selection was performed for thrips counts that had been normalized by log10 
transformation, starting with the inclusion of all of the weather predictors. 
Soybean thrips. The final regression equation for soybean thrips was: 
Log10 ST count = 0.663 + 0.000895 DD – 0.001557 RI 
The number of soybean thrips was positively related to prior cumulative degree 
day (DD) and negatively related to prior rainfall index (RI). The P-value for the 
regression was 0.0001 and the R2 value was 21.4%. 
Eastern flower thrips. None of the predictors used for reverse variable selection 
using long term weather data were significant. The P-values for the regression analysis 
were 0.448, 0.593, and 0.250 using both predictors, prior cumulative degree day only, 
and prior rainfall index only, respectively. 
Tobacco thrips. The final regression equation for tobacco thrips was: 
Log10 TT count = -0.172 + 0.00108 DD 
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The number of tobacco thrips was positively related to cumulative prior DD, 
while prior RI showed no significant effect. The P-value for the regression was 0.003 and 
the R2 value was 10.9%. 
 
Discussion 
In nature, Tospoviruses are exclusively transmitted by thrips vectors, making 
thrips an important factor in virus epidemics and control measures of the virus (Whitfield 
et al. 2005). There are several factors involved that can influence Tospovirus outbreaks 
and spread, including prevalence of thrips vectors, magnitude of virus inoculum, weather 
parameters, different virus isolates, thrips population dynamics, and alternative or weed 
hosts (Pappu et al. 2009), some of which were examined in this study. 
Higher populations of the confirmed vector thrips, soybean thrips (Zhou and 
Tzanetakis 2013), seem to be important in order to spread SVNV within soybean fields, 
as seen from the results of our survey, where SVNV wasn’t found in soybean fields until 
August for both 2013 and 2014. Multiple species of thrips, including eastern flower 
thrips, western flower thrips, and soybean thrips, were collected in the beginning of the 
season (May and June) from weed species surrounding multiple soybean fields in the 
beginning of our survey in 2014. None of these thrips tested positive for SVNV (data not 
shown), leading to the conclusion that even though there is an initial increase of thrips 
early in the season, they may not be viruliferous nor able to transmit SVNV. 
In a study in Argentina, western flower thrips and common blossom thrips 
(Frankliniella schultzei) are able to transmit both Groundnut ringspot virus (GRSV) and 
TSWV. However, western flower thrips are present in this area year round, while 
common blossom thrips are not active in winter and early spring. Their results showed 
that the crops that are planted early in the season (August-September), during the time 
when only western flower thrips are present, Tospovirus incidence is lower compared to 
the crops that are planted later in the season (December), during the time when both 
populations of thrips are present (de Borbon et al. 2006). A similar situation may be 
occurring in soybean, except SVNV is occurring when multiple species of thrips are 
present, but when soybean thrips are at the highest abundance. 
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Weather factors can influence not only biology of thrips vectors, but plant hosts as 
well. For instance, the development time of thrips depends on temperature, although the 
specific temperature will depend on the species of thrips, since each species will have its 
own lower developmental threshold. For example, tobacco thrips have a lower 
development threshold of 10.5 °C, while onion thrips (Thrips tabaci) have a higher 
developmental threshold of 11.5°C (Morsello et al. 2008). The temperature needed for 
adult thrips flight is actually higher still, around 20°C (Chappell et al. 2013), meaning 
that even if the thrips development isn’t affected by lower temperatures, thrips flight 
activity of adults could still be reduced or delayed. 
In this study, when considering the immediate effects of weather parameters, such 
as rainfall index and degree day, on thrips populations, cumulative degree day was the 
most important factor in predicting thrips abundance, regardless of species. However, 
when analyzing the long term effects of weather on thrips populations, there was a 
difference between species as to what the best predictors would be. Therefore, multiple 
thrips species in the field will be affected by temperature and precipitation differently, 
and once other species are tested as to whether they are able to transmit SVNV, we may 
be able to more accurately predict possible outbreaks of SVNV in soybean fields.  
In the short term, thrips development will be hindered by lower temperatures; 
therefore cooler springs would lead to lower initial thrips populations, which could lower 
SVNV inoculation sources for that season, and therefore reduce SVNV incidence. The 
opposite effect would be seen with warmer spring temperatures, leading to an increase in 
thrips populations, which would increase SVNV inoculation sources for that season, 
which would increase SVNV incidence. 
Soybean thrips were the only species that showed a negative relationship with 
rainfall index, and this was only true when looking at the long term effects of weather on 
thrips abundance. This could mean that soybean thrips are more vulnerable to rainfall 
events, either as larval stages or pupal stages. Also, since eastern flower and tobacco 
thrips are more polyphagous, they may be able to move between host plants easier, and 
some of those alternative host plants may provide more protection from rainfall events. 
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Eastern flower thrips and tobacco thrips both showed a positive relationship with 
cumulative degree day for the short term. For the long term effects of weather on eastern 
flower thrips, there was no significant relationship to either degree day or rainfall index. 
However, for the short term weather parameters, cumulative degree day explained 32.9% 
of the variation in eastern flower thrips counts. Once thrips populations have peaked, the 
usefulness of degree day to predict thrips abundance declines (Morsello et al. 2008), and 
eastern flower thrips peaked very early in the season, in June. Therefore, it is likely that 
degree day became less important when looking at long term effects for this species. 
Despite the fact that R2 values were fairly low in this study, these results can be 
used as a starting point, and other parameters could be used in the same manner to try and 
predict thrips abundance in soybean fields and thus to predict when outbreaks of thrips 
and virus will occur. An example of another variable that could potentially be included in 
regression analysis is wind data. The direction of the prevailing wind in the area is 
important, as the thrips are likely to be dispersed downwind (Coutts et al. 2004). The 
orientation of the virus source, healthy plants, and prevailing wind would all be factors 
that would be important to virus spread (Coutts et al. 2004). Also, looking at spring 
weather events could also be important and give more accurate results of predicting thrips 
vectors because of thrips migration. However, since SVNV wasn’t found in the field until 
August, we felt that using the weather data throughout the growing season would be 
sufficient. Also, degree days didn’t start accumulating in Indiana until around March, 
which is when we started using data from for the long term weather data analysis.  
Finally, other parameters that could also be used to predict thrips abundance in 
soybean fields include humidity, the abundance of predators or parasites in the field, prior 
year populations of thrips, and also winter and spring temperature, which may lead to 
more accurate predictions (Chappell et al. 2013). Even combining counts for two week 
intervals in this study, some of the intervals didn’t have any data for thrips counts. 
Therefore, it would also be interesting to see if other methods of insect trapping would be 
more useful, such as using sticky traps. 
Finally, in order for primary spread to occur, there needs to be alternative hosts 
that are also capable of being infected with SVNV. Currently, there is little knowledge on 
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the alternative, or weed, hosts of SVNV. One study used mechanical inoculation to 
determine the host range of SVNV. Out of 25 different species of plants that were 
inoculated and then tested for SVNV infection, 9 species showed that the virus was able 
to replicate (Zhou and Tzanetakis 2013). The 9 species that were able to support SVNV 
replication were Dendranthema grandiflorum (Crysanthemum), Ipomoea hederacea Jacq 
(ivyleaf morning-glory), Cucurbita pepo L. (field pumpkin), Glycine max (soybean), 
Vigna unguiculata (cowpea), V. radiate (mung bean), Nicotiana benthamiana (tobacco 
relative), N. tobacum (cultivated tobacco), N. glutinosa (tobacco). The symptoms on 
these plant species differed, resulting in asymptomatic response, local lesions, and 
systemic infection (Zhou and Tzanetakis 2013). For primary spread to occur, thrips 
species would need to be able to reproduce and develop on these confirmed weed species, 
acquire the virus, and then transmit SVNV to soybean fields. However, seeing as 
symptoms were not found in soybean fields until August, it may be in the case of SVNV 
and soybean, secondary spread is actually just as important as primary spread. Further 
research in this area is needed. 
Our findings show that soybean thrips, currently the only known vector for 
SVNV, has the highest abundance later in the growing season compared to other species 
of thrips, and that this increase coincides with the timing of SVNV symptoms found in 
soybean fields. Although other thrips species are still potential SVNV vectors, as eastern 
flower thrips are the most abundant early in the season. A better understanding of the 
thrips vectors of SVNV and the typical spread of SVNV in the field will give us a better 
understanding of the epidemiology of SVNV and possible ways to limit SVNV disease. 
Using results presented here as a base, further research in weather based models could be 
useful in predicting both thrips abundance in the field as well as potential locations for 
SVNV outbreaks. Further study in thrips migration patterns in the spring in Indiana, as 
well as more knowledge of alternative weed hosts for the virus will help in developing 
control measured for SVNV. Unfortunately, pesticide use in controlling thrips 
populations has not been found to be effective, nor has it lead to a significant decrease of 
disease in the some crops that have been tested, such as TSWV in peanut (Culbreath et al. 
2003). One alternative strategy that has been discussed is changing the planting date to 
22 
 
try to limit disease incidence, and weather data could be useful in determining the new 
planting date as well. 
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CHAPTER 2: ANALYSIS OF SOYBEAN VEIN NECROSIS VIRUS LEVEL IN THRIPS 
VECTOR AND IMPACT ON VECTOR LIFE HISTORY TRAITS AND 
PREFERENCE ON SOYBEAN 
 
 
 
Introduction 
 
Thrips Vectors 
 In soybean fields, thrips can comprise up to half of the arthropods collected (Irwin 
et al. 1979). Early in the growing season soybean thrips colonize alfalfa and other 
broadleaf plant species before moving to soybean, where they reproduce throughout the 
growing season. Similarly, flower thrips colonize flowering parts of a wider variety of 
plants, including corn and some grasses, before colonizing soybean (Irwin et al. 1979). 
The life cycle parameters of thrips are extremely variable from one species to another. 
Irwin et al. (1979) reported that soybean thrips and flower thrips oviposit eggs within leaf 
tissue. First instars emerge from eggs and begin feeding by sucking cell-contents from 
individual plant cells. The first instar is followed by second larval stage; which drops to 
the soil and enters a pre-pupal stage. The next day pre-pupae transforms into pupae, and 
adults emerge a week to ten days later. Specific life-history parameters such as a number 
of eggs and the population dynamics of these thrips species on soybean are not known. 
 
Tospovirus 
Tospoviruses are the only genus that infects plants within the family Bunyaviridae 
(Whitfield et al. 2005). These viruses have a wide host range of more than 1,000 plant 
hosts and are able to infect crops that are agriculturally important worldwide, which can 
cause dramatic yield losses (Khatabi et al. 2012, Eifan et al. 2013). Tomato spotted wilt 
virus (TSWV) was the first Tospovirus discovered in the early 1900’s (Ullman et al. 
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2002). Members of this genus share the same genome structure, where there are three 
RNA segments: large (L), medium (M), and small (S) segments (Pappu et al. 2009). The 
L RNA is negative sense, containing RNA polymerase, while the M RNA and S RNA are 
ambisense (Pappu et al. 2009). Nonstructural proteins are encoded for from the M and S 
RNA segments (Eifan et al. 2013). NSs proteins are encoded from the S RNA, and are 
used as an indication of virus replication within thrips species (Srinivasan et al. 2012). 
NSm proteins are thought to be involved in viral movement in the host plants and the 
induction of symptoms (Eifan et al. 2013). Each RNA segment is pseudocircular, and is 
associated with the nucleocapsid (N) protein (Ullman et al. 2002). These virions are 
enveloped by a lipid bilayer, containing two glycoproteins that project from the virion 
surface (Ullman et al. 2002). There are 19 different species of Tospoviruses, plus many 
that have not yet been confirmed and are thus tentative species (Pappu et al. 2009). 
 
Thrips Acquisition of Tospovirus 
Thrips must acquire Tospovirus while they are larval stage in order for the adult 
thrips to transmit the virus to healthy host plants (Whitfield et al. 2005). As thrips age, 
however, the ability to acquire the virus reduces, therefore making the first larval stage 
the most important in vector acquisition (Ullman et al. 2002). For example, out of first 
and second stage larvae that were allowed to acquire Tomato spotted wilt virus (TSWV), 
47% of adults that developed from first stage larvae fed on infected plants were able to 
transmit, while only 12% of adults that developed from second stage larvae that fed on 
infected plants were able to transmit TSWV (Whitfield et al. 2005). An adult thrips that 
feeds on an infected plant may end up acquiring the virus, but won’t be able to transmit it 
(de Assis Filho et al. 2004). The midgut itself may act as a barrier to prevent the spread of 
the Tospovirus from the midgut in adult thrips (Ullman et al. 1992). Typically, the midgut 
of the thrips is infected first, and it is here that the virus is able to replicate and spread to 
other cells, including the muscle cells and salivary glands (Ullman et al. 2002). Most of 
what we know about thrips and Tospovirus interactions involves Frankliniella 
occidentalis, the western flower thrips, and Tomato spotted wilt virus (TSWV). In 
different thrips species, acquisition and spread of the virus may be different. For example, 
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in Thrips setosus, the Japanese flower thrips, TSWV is able to enter and replicate in the 
midgut, and escape from the midgut becomes more of a barrier (Ullman et al. 2002). 
The viral glycoproteins GN and GC are encoded by the M RNA, and they seem to 
be important in the thrips ability to acquire the virus (Hogenhout et al. 2008). GN 
glycoprotein interacts with the thrips midgut, and there is also evidence that exogenous 
GN can block virus acquisition by thrips (Hogenhout et al. 2008). The GC glycoprotein 
has also been shown to be involved in entry of the virus into insect vector cells 
(Hogenhout et al. 2008). Tospoviruses can be passed transstadially [stays within the 
vector through the different life stages], but not transovarially [from mother to offspring]; 
therefore acquisition by larval stage is important in the spread of virus (Wijkamp and 
Peters 1993, Ullman et al. 2002). 
 
Thrips Transmission of Tospovirus 
Tospoviruses are transmitted by thrips vectors in a persistent propagative manner, 
so the virus is able to travel through the insect alimentary canal, eventually reaching the 
salivary glands, where the virus can be introduced to plants through feeding (Hogenhout 
et al. 2008). In a study comparing two different thrips species, western flower thrips and 
tobacco thrips (Frankliniella fusca), an increase in virus level was seen after 4 hours 
post-acquisition, leading to the conclusion that the virus was replicating within both 
species. However, during pupation of tobacco thrips, the virus was lost and none of the 
adults were able to transmit TSWV (Nagata et al. 2002). It is likely that in order to 
transmit the virus, the virus must establish in the salivary glands before pupation in order 
for the adult thrips to be able to transmit (Nagata et al. 2002). When the salivary glands 
are not infected, or have limited infection, thrips won’t be able to become a transmitter; 
this may be because at a low virus level, the virus can’t be released in adequate amounts 
in the saliva (Nagata et al. 1999). Virus level within thrips vectors has also been shown to 
be associated with frequency of transmission events (Rotenberg et al. 2009). 
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Direct and Indirect Effects of Tospovirus Infection on Thrips Vectors 
Tospoviruses have been known to have positive, negative, and neutral effects on 
their thrips vectors (Table 2.1). The effect on thrips vectors can be direct or indirect. 
Direct effects are caused by Tospovirus infection of the thrips vector while an indirect 
effect would be from Tospovirus infection of the host plant which in turn effects the 
thrips vectors (Belliure et al. 2005). In one study, TSWV infection increased survival and 
longevity of western flower thrips, which is one of the main vectors of TSWV (Ogada et 
al. 2013). However, infected western flower thrips also showed lower fecundity 
compared to uninfected western flower thrips (Ogada et al. 2013). 
The infection status of the host plant also has an effect on thrips vectors. In the 
case of TSWV, western flower thrips had higher survival and faster development on 
healthy plants. Interestingly, thrips showed similar performance on thrips-inoculated host 
plants than to those on healthy plants, but had lower survival and slower development on 
thrips-damaged plants (thrips feeding damage but no virus) (Belliure et al. 2005). The 
effect of Tospovirus infection can also differ based on the species of the thrips vector. In 
certain areas tobacco thrips are the primary vector of TSWV (Shrestha et al. 2012). In 
one study, TSWV-infected tobacco thrips produced significantly more eggs compared to 
TSWV-uninfected tobacco thrips. However, significantly more TSWV-uninfected adult 
tobacco thrips emerged (per adult release) compared to TSWV-infected tobacco thrips 
(Shrestha et al. 2012). 
Other Tospovirus and thrips vector pairs have been studied to determine the direct 
or indirect effect of different viruses on their thrips vector. Tomato Zonate Spot Virus 
(TZSV) is also vectored by the western flower thrips, and survival rates of TZSV-
infected western flower thrips were found to be significantly higher than uninfected thrips 
(Zheng et al. 2014). Fecundity was also higher, although not significantly, between 
TZSV-infected western flower thrips and TZSV-uninfected western flower thrips (Zheng 
et al. 2014). Melon thrips (Thrips palmi) are vectors of Watermelon Silver Mottle Virus 
(WSMoV). In this example, melon thrips had a significantly longer development time 
when fed on uninfected leaves compared to feeding on thrips-damaged or WSMoV-
infected leaves (Chen et al. 2014).
Table 2.1. Summary of studies revealing direct and indirect interactions between different Tospoviruses and their thrips vectors. 
 
 
 
 
Tospovirus Species Thrips Vectors Interaction Host Plant Effect References 
Impatiens necrotic spot virus Frankliniella occidentalis Direct 
Ornamental 
flowers Negative (DeAngelis et al. 1993) 
Tomato spotted wilt virus F. occidentalis Direct Datura, Petunia Neutral (Wijkamp et al. 1996) 
Tomato spotted wilt virus F. occidentalis Direct Datura, Lycopersicon Neutral (Roca et al. 1997) 
Tomato spotted wilt virus F. fusca Indirect Peanut Negative (Garcia et al. 2000) 
Tomato spotted wilt virus F. occidentalis Indirect Datura, Pepper Positive (Maris et al. 2004) 
Tomato spotted wilt virus F. occidentalis Indirect Pepper Positive (Belliure et al. 2005) 
Tomato spotted wilt virus F. occidentalis and F. fusca Indirect 
Chickweed, 
Tomato Positive (Chaisuekul and Riley 2005) 
Tomato spotted wilt virus F. fusca Direct and Indirect Datura, Emilia 
Positive and 
Negative (Stumpf and Kennedy 2005) 
Tomato spotted wilt virus F. fusca Direct and Indirect Peanut 
Positive and 
Negative (Shrestha et al. 2012) 
Tomato spotted wilt virus F. occidentalis Direct Pepper Positive and Negative (Ogada et al. 2013) 
Watermelon silver mottle 
virus Thrips palmi Indirect Bean Positive (Chen et al. 2014) 
Tomato zonate wilt virus F. occidentalis Indirect Solanum, Pepper Positive (Zheng et al. 2014) 
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Soybean vein necrosis virus 
A new viral disease affecting soybean was discovered in 2008 in Tennessee 
(Tzanetakis et al. 2009). This virus was named Soybean vein necrosis virus (SVNV), 
since symptoms first appear as yellowing, or chlorosis, along the veins of the leaf (Figure 
2.1A). Over time, these lesions become red-brown, and eventually that leaf tissue will die 
(Figure 2.1B). Veins of infected plants can be clear, yellow, or dark brown (NCSRP 
2014). In the field, symptoms typically appear in mid to late summer, and can be 
randomly distributed in the canopy (NCSRP 2014). Since its discovery in 2008, SVNV 
has spread throughout the soybean growing areas of the US, and has also been detected in 
Ontario, Canada (NCSRP 2014). 
 
 
           
Figure 2.1. Soybean leaves showing early (A) and late (B) symptoms of SVNV infection. 
 
 
SVNV has been confirmed as a new virus in the genus Tospovirus. It has a single 
stranded RNA segmented genome that includes a 9.0 Kb L (large), a 5.0 Kb M (medium), 
and a 2.6 Kb S (small) fragment (Zhou et al. 2011). The complete virus sequence has 
been determined, and the L RNA polyprotein and nucleoprotein amino acid sequences 
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were used to perform phylogenetic analysis, to compare with other known Tospoviruses 
(Zhou et al. 2011). Polyclonal antibodies were generated against the nucleocapsid protein 
(NP) of the virus and cross-reactivity tests showed that there was little similarity with 
other species of Tospoviruses, and thus that SVNV is a distinct Tospovirus serotype 
(Khatabi et al. 2012). 
 
Objectives 
The overall goal is to improve our understanding of the plant pathogen, SVNV, 
and the thrips species that are vectors of this virus. Outcomes of this study will increase 
the known information and understanding of the thrips vectors of Tospoviruses, including 
life history traits of known and potential vectors of SVNV, which will also be beneficial 
in implementing management strategies to control the spread of SVNV. 
Objective 1: To determine the life history traits of uninfected, non-viruliferous 
and virus-exposed or viruliferous soybean thrips vectors of SVNV. 
Hypothesis: SVNV will have an effect on the development and reproduction of 
SVNV-infected soybean thrips compared to uninfected thrips. 
Objective 2: To determine the life history traits of uninfected known vectors, 
soybean thrips, and potential thrips vectors, eastern flower thrips and tobacco thrips. 
Hypothesis: Soybean thrips will have significantly different life history traits 
compared to both eastern flower thrips and tobacco thrips. 
 
Materials and Methods 
 
Plant Growth Conditions 
Soybean variety Asgrow® AG3432 (Monsanto, Saint Louis, MO) were grown in 
Environmental Control Room with IntellusUltra controller (Percival-Scientific, Perry, 
IA). All plants were kept at 60-70% relative humidity, day/night temperatures of 25/25°C 
and a photoperiod of 16:8 (L:D) hours. Plants were watered 3 times per week. 
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Insect Colonies 
Thrips species including soybean thrips, eastern flower thrips, and tobacco thrips 
were collected from the field sites at Purdue Agricultural Center (PAC) locations 
throughout Indiana. Thrips collected from the field sites were maintained in the 
laboratory or greenhouse under similar conditions. Thrips colonies were kept on AG3432 
variety at temperature of 24 ± 1°C and a photoperiod of 16:8 (L:D) hours. SVNV-
uninfected and SVNV-infected thrips were kept separately by using 18” x 18” x 30” 
insect cages with no-thrips insect screen (Bioquip, CA, USA) and were reared in separate 
rooms. SVNV was maintained from the SVNV-infected thrips in the thrips-proof cages. 
 
Isofemale Lines 
SVNV-uninfected and SVNV-infected young adult female soybean thrips or 
SVNV-uninfected young adult female tobacco and eastern flower thrips were used to 
start isofemale lines. Single insects were transferred to healthy soybean plants that were 
at the unifoliate stage, and were covered with 2 liter bottles, with the top cut off and 
covered with thrips proof mesh (Bioquip, CA, USA). Female thrips were given a 7 day 
oviposition period on the plant, and were then collected and flash frozen for RNA 
extraction and qPCR analysis. The number of first larval stage, second larval stage, and 
adults of the second generation were recorded daily for each isofemale line. An isofemale 
line was terminated once the maximum number of adults of the second generation 
emerged and counts were declining. All experiments were conducted under the laboratory 
conditions mentioned previously. The time until first emergence, total fecundity, 
development time, and juvenile survival percentage were calculated for each isofemale 
line. Four biological replicates total were performed during August and September 2014, 
November and December 2014, and January and February 2015. In each biological 
replicate, 6 to 16 isofemale lines were initiated. 
 
Host Preference 
To determine the effect of SVNV infection on host plant preference between 
SVNV-infected and uninfected plants, choice assays were conducted as per Nachappa et 
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al (2013). Assays were performed in 15-cm-diameter Petri-dishes with lids of each dish 
fitted with thrips-proof screen (Bioquip, CA, USA) for ventilation. The petiolule of each 
leaflet was placed in 2.0mL microcentrifuge tube filled with water and the top sealed off 
with Parafilm. Host preference was measured by number of soybean thrips that 
aggregated on a given leaflet. Same-age leaflets were obtained from uninfected plants 
and SVNV-infected plants from our laboratory colony. In each test, five SVNV-infected 
or uninfected adult female thrips were placed in the center of the Petri dish, equidistant 
from each leaflet, and lids were sealed with Parafilm. For choice tests, soybean thrips 
were placed in Petri dishes with a SVNV-infected leaflet and a leaflet from an uninfected 
plant. For the no-choice tests (controls), thrips were placed in Petri dishes that had two 
uninfected leaflets or two SVNV-infected leaflets. The assay was conducted under 
laboratory conditions with a 16:8 h (L:D) photoperiod and ambient temperatures of 24-
25ºC. The number of thrips present on each of the paired leaflets were counted every 
hour for the first three hours, and then at 24, 48, and 72 h after the release. There were 20 
replicates or Petri dishes per time-point. 
 
RNA Extraction and qPCR Analysis 
Soybean thrips adults from the isofemale lines were tested for SVNV infection 
using quantitative Polymerase Chain Reaction (qPCR). First, total RNA was extracted 
from individual thrips using the Chelex 100 (Bio-Rad, Hercules, CA) method (Boonham 
et al. 2002) and 11µl of RNA was used for cDNA synthesis. The Verso cDNA ® 
synthesis kit (Thermo Scientific, Pittsburgh, PA) was used to make cDNA. The cDNA 
was used as the template for RT-qPCR, which was performed using primers from Table 
2.2. The qPCR Mastermix for SYBR Green® (BioRad, Berkeley, CA) was used 
according to manufacturer’s instructions. Each reaction contained 5.0µl of SYBR Green 
Taq, 0.5 µl of F primer, 0.5 µl of R primer, 2.0µl of deionized water, and 2.0µl of cDNA 
template. The qPCR was run on a CFX Connect® (BioRad, Berkeley, CA) thermocycler, 
and the mean threshold cycles (Cq) values were calculated by the CFX Manager™ 
Software Version 3.1. Each sample was performed in duplicate and a negative and 
positive control was used in each run. The cycling conditions used were: 95°C for 2 
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minutes; followed by 40 cycles of 95°C for 10 seconds, 55°C for 30 seconds,  and then 
the final melt curve, starting at 65°C increasing to 95°C, in increments of 0.5°C every 5 
seconds. 
 
 
Table 2.2. List of primer sequences used for qPCR analysis. 
 
Gene Name Function Primer sequence (5’     3’)1 
SVNV NP 
Soybean vein 
necrosis virus 
nucleocapsid 
protein 
Virus nucleocapsid 
protein 
GGAAGCTTACCCCTTCTGGC 
ACTCCTCTCATTTGGGGTGC 
NvCO1 CO1 protein 
CO1 protein 
constitutively 
expressed in soybean 
thrips 
GGATTTATTGTTTGAGCACACCAC 
TCCTGTCAATCCTCCTAATGTGA 
1All primers designed for experiment by P. Nachappa 
 
 
Standard Curve for Absolute Quantification 
In order to quantify SVNV levels in soybean thrips, a standard curve was 
prepared using a plasmid containing the SVNV nucleocapsid protein (NP). The length of 
the plasmid containing the NP gene was estimated from the size of the plasmid (2817 
base pairs) and the product size expected from the NP primers used to perform RT-PCR 
(Table 2.2) (239 base pairs), giving a total plasmid size of 3056 base pairs. The mass of 
the plasmid containing the NP gene was calculated using the following formula 
(Biosystems 2003), where m = mass and n = plasmid size (bp): 
m = (n) (1.096e-21g/bp) 
This results in the mass of one copy of the plasmid being equal to 3.35 x 10-12 g. 
To perform a standard curve, a 10-fold serial dilution was prepared, ranging from 7.54 x 
108 copies/µl to 7.54 x 101 copies/µl. 
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Statistical Analysis 
The distribution of SVNV log copy number did not conform to assumptions of 
ANOVA as per the Ryan-Joiner test; therefore, a Kruskal-Wallis median test was 
performed to determine whether there were differences between SVNV-infected and 
SVNV-uninfected thrips. All life history parameters for comparisons between infected 
and uninfected soybean thrips passed normality; hence a one-way ANOVA was used, as 
well as pairwise comparisons, which were performed using the Tukey test. In contrast, 
none of the life history parameters for comparisons between thrips species conformed to 
normaility, therefore a Kruskal-Wallis median test was used, as well as pairwise 
comparisons, which were performed using the Mann-Whittney test with a Bonferroni 
correction (α = 0.017) (Bonferroni, 1936). For each biological replicate for the host plant 
preference test, 1-sample Wilcoxon sign rank tests were performed to determine if the 
median paired difference in number of thrips on SVNV-infected vs. uninfected tissue, 
uninfected vs. uninfected, and SVNV-infected vs. SVNV-infected tissue was 
significantly greater than zero at each time-point. All statistical analyses were performed 
using the Minitab Version 16 or 17 (Minitab® Stat College, PA), except the standard 
curve, which was completed using Microsoft Excel (Microsoft Excel®, WA). 
 
Results 
 
Quantification of SVNV Levels in Soybean Thrips 
In order to determine SVNV-NP (nucleocapsid protein) levels in soybean thrips, 
the normalized abundance of SVNV and the number of copies of the NP per insect were 
calculated. The logarithmic concentration of diluted plasmid containing the NP gene 
insert were plotted against the average threshold cycles (Cq), producing a significant 
linear relationship. An example of the linear equation from one such run was:                  
y = -0.2839x + 10.199; R2 = 0.99 (Figure 2.2), and all such runs produced similar R2 
values. Quantitative PCR of the dilution series was repeatable in three independent runs. 
Using this linear relationship, the number of copies of the NP gene per insect was 
estimated. Before estimating the number of copies of the gene, the NP Cq values were 
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normalized using a normalization coefficient (Nc). The Nc was calculated from the 
internal control gene, using the following equation, used in Li, et al (2009): 
Nc = 1-(inCq-MinCq)/MinCq 
In this equation, inCq is the Cq value of the internal control gene, Cytochrome C 
Oxidase Subunit 1 (CO1) gene, for a sample and the MinCq is the mean inCq for all 
samples. Then the log of the copy number was calculated using the equation from the 
standard curve. Once the copy number per thrips was calculated, it was multiplied by the 
RNA dilution factor (9.1-fold) and then the cDNA template dilutions (40-fold). There 
was high variation in SVNV levels in individual thrips, ranging from approximately 13 
copies/insect to 300,000,000 copies/insect (Figure 2.3). 
  
 
 
Figure 2.2 Absolute quantification of SVNV-NP gene. The template plasmid 
pCRTM8/GW/TOPO® + SVNV-NP was diluted in water in order to perform linear 
regression for absolute quantification. This shows a sample standard curve for 
quantification of NP in individual soybean thrips. 
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Figure 2.3. Scatterplot of the log copies of SVNV per soybean thrips for each isofemale 
line. 
 
 
Correlation between SVNV Level and Soybean Thrips Life History Traits 
In order to determine the relationship between virus level in individual soybean 
thrips and different life history traits, correlation analysis was performed. No correlation 
existed between any of the life history traits studied, including hatching time, total 
fecundity, development time, and juvenile survival (P-values = 0.62, 0.24, 0.20, and 0.45, 
respectively). 
Thrips were then divided into two groups based on the number of log copies and 
the ability of the mother to transmit the virus to a healthy plant. Some of the individuals 
that were obtained from the SVNV-infected colony had low copy number that was 
comparable to female thrips obtained from the uninfected colony. Moreover, these 
individuals did not transmit virus to the host plants. Hence, these insects were grouped as 
SVNV-uninfected thrips. To summarize, individuals in the uninfected group harbored 
>102 to ≤ 103 copies and were not able to infect a healthy plant, while individuals in the 
SVNV-infected group had >103 to <108 copies, with transmission rate of 20%. There was 
a significant difference in the average SVNV copies between SVNV-infected and SVNV-
uninfected individuals (P<0.0001). SVNV levels ranged from 4.60 ± 0.38 log copies of 
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SVNV-NP in SVNV-infected females and 2.07 ± 0.13 log copies of SVNV-NP in 
SVNV-uninfected females. 
 
Effect of SVNV Infection on Soybean Thrips Life History Traits 
Incubation time. Incubation time was defined as the number of days until the first 
larval stage emerged from the plant tissue. There was no significant difference in time 
until first emergence between the SVNV-uninfected and the SVNV-infected soybean 
thrips (P-value = 0.56, F = 0.35). The average time until first emergence for SVNV-
uninfected soybean thrips was 9.45 ± 0.20 days (mean ± standard error [SE]). The 
average time until first emergence for SVNV-infected soybean thrips was 9.05 ± 0.23 
days. 
Total fecundity. Total fecundity was defined as the maximum number of offspring 
(both first and second larval stage) per adult female thrips. SVNV-uninfected female 
soybean thrips had a significantly higher fecundity compared to SVNV-infected female 
soybean thrips (P-value = 0.02, F = 5.53; Figure 2.4). This was the only life history trait 
that differed between SVNV-infected and SVNV-uninfected soybean thrips. 
Development time. Development time was defined as the number of days 
necessary for the first larval stage nymph to reach adulthood. There was no significant 
difference in development time between SVNV-uninfected soybean thrips compared to 
SVNV-infected soybean thrips (P-value = 0.41, F = 0.69). The average development time 
for SVNV-uninfected soybean thrips was 12.60 ± 0.28 days (mean ± SE). The average 
development for SVNV-infected soybean thrips was 12.10 ± 0.54 days. 
Juvenile survival. Juvenile survival was calculated by dividing the maximum 
number of adults that emerged by the maximum number of offspring that was produced. 
The results presented here are back- transformed since the data conformed to normality. 
There was no significant difference in juvenile survival between SVNV-uninfected and 
SVNV-infected soybean thrips (P-value = 0.50, F = 0.46). The average juvenile survival 
for SVNV-uninfected soybean thrips was 41 ± 5 % (mean ± SE). The average juvenile 
survival for SVNV-infected soybean thrips was 43 ± 5 %. 
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Figure 2.4. Mean total fecundity (count of individual offspring) of SVNV-uninfected 
soybean thrips and SVNV-infected soybean thrips. Error bars show the standard error of 
each group, and different letters indicate significant differences between groups. 
 
 
 
Effect of SVNV Infection on Host Plant Preference of Soybean Thrips 
In Petri dish choice assays, SVNV-infected adult female thrips preferentially 
aggregated on uninfected leaflets within one-hour post release, however, the median 
number of thrips recovered on SVNV-infected and uninfected leaflets was not 
significantly different at 1h (P=0.13). There were significantly more SVNV-infected 
thrips on uninfected leaflets than on SVNV-infected leaflets at 2h (P=0.02), 3h (P=0.02), 
24h (P=0.001), 48h (P<0.0001) and 72h (P=0.002) (Figure 2.5A). 
SVNV-uninfected thrips also preferred to aggregate on uninfected leaflets than on 
SVNV-infected leaflets (Fig 5B). There was no significant difference in the number of 
SVNV-uninfected thrips at 1h (P=0.25), 2h (P=0.94), and 3h (P=0.74) post-release but 
more thrips were recovered on uninfected leaflets at 24h (P=0.02), 48h (P=0.03) and 72h 
(P=0.01) (Figure 2.5B). There was no difference in the number of thrips observed in the 
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no-choice tests (data not shown). Our results indicate that SVNV infection of the insect 
did not influence host plant preference of the insect vector, but that overall, soybean 
thrips prefer SVNV-uninfected host plants.
  
 
 
 
 
 
 
 
 
 
 
 
Figure 2.5. Effect of SVNV infection on host preference of soybean thrips. Number of A) SVNV-infected and B) SVNV-
uninfected adult female soybean thrips recovered on SVNV-infected and uninfected leaflets in Petri dish assays (observation time 
point n = 20). 
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Comparison of Life History Traits between Soybean, Eastern flower, and Tobacco Thrips 
Incubation time. There were no significant differences in time until first 
emergence between the species studied (P- value = 0.22, H = 2.36, df = 2; Table 2.3). 
Eastern flower thrips had the longest time until first emergence, but it wasn’t significantly 
different compared to soybean thrips or tobacco thrips (Table 2.3). 
Total fecundity. There were significant differences in total fecundity between the 
species studied (P-value = 0.0001, H = 21.14, df = 2; Table 2.3). Soybean thrips had a 
significantly higher total fecundity than eastern flower thrips (P-value = 0.0001, W = 
534.0) and tobacco thrips (P-value = 0.0001, W = 535.5). However, there was no 
significant difference in total fecundity between eastern flower thrips and tobacco thrips 
(P-value = 0.40, W = 272.5). 
Development time. There were significant differences in development time 
between the three species (P-value = 0.01, H = 8.94, df = 2; Table 2.3). Eastern flower 
thrips had a significantly shorter development time compared to tobacco thrips (P-value = 
0.0065, W = 2180). However, soybean thrips and eastern flower thrips didn’t differ in 
development time (P-value = 0.02, W = 456.5), nor did soybean thrips and tobacco thrips 
(P=0.41, W = 353.0). 
Juvenile survival. There were significant differences in juvenile survival between 
the species studied (P-value = 0.0001, H = 1664, df = 2; Table 2.3). Tobacco thrips had 
significantly lower juvenile survival compared to soybean thrips (P-value = 0.0033, W = 
413.5) and eastern flower thrips (P-value = 0.0003, W = 402.5). Juvenile survival was not 
significantly different between soybean thrips and eastern flower thrips (P-value = 0.04, 
W = 262.0) 
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Table 2.3. Comparison of life history traits (mean ± SE) between uninfected soybean 
thrips, eastern flower thrips, and tobacco thrips. Significant P-values from the Kruskal-
Wallis test are shown in bold. Pairwise comparisons were performed using the Mann-
Whitney test with a Bonferroni correction (α = 0.017) and different letters indicate 
significant differences between groups. 
 
Life History 
Trait P-value 
Soybean thrips 
(n=20) 
Eastern flower 
thrips (n=17) 
Tobacco thrips 
(n=17) 
Incubation Time 
(days) 0.22 9.45 ± 0.20 12.00 ± 1.16 9.19 ± 0.34 
Total Fecundity 
(#) <0.0001 26.05 ± 1.83 a 7.69 ± 1.11 b 9.29 ± 1.05 b 
Development 
Time (days) 0.01 12.60 ± 0.28 ab 9.71 ± 1.04 b 14.18 ± 0.84 a 
Juvenile 
Survival (%) <0.0001 41.37 ± 5.0 a 76.1 ± 11.9 a 20.7 ± 2.0 b 
 
 
Discussion 
Our results presented here show that infection of SVNV impacts soybean thrips 
performance and behavior, resulting in a negative direct effect from SVNV infection. Out 
of the life history traits studied, only total fecundity was significantly different between 
SVNV-infected and SVNV-uninfected soybean thrips. SVNV-infected soybean thrips 
had significantly lower total fecundity compared to SVNV-uninfected soybean thrips. It 
may be that under other conditions, such as different abiotic factors, this direct negative 
impact would be more or less pronounced. It is hypothesized that persistently-transmitted 
viruses have a positive impact on insect vector fitness compared to non-persistently 
transmitted or stylet-borne viruses (Mauck et al. 2012). This is in contrast to our result 
that show SVNV-infected thrips had reduced fecundity compared to uninfected thrips. 
Many studies report that Tospovirus infection is beneficial to thrips vectors, 
resulting in higher fecundity, shorter development, and more population growth (Bautista 
et al. 1995, Maris et al. 2004, Belliure et al. 2005, Chaisuekul and Riley 2005). However, 
there are also reports that are similar to ours, in that fitness of thrips is reduced due to 
viral infection (DeAngelis et al. 1993, Shrestha et al. 2012, Ogada et al. 2013). One major 
difference between these studies is that the first group raised thrips on virus-infected and 
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uninfected plants while the latter group were exposed to virus infection and then 
transferred to healthy leaf discs or plants (Ogada et al. 2013).  
Belliure, et al. (2005) suggested that a major benefit of virus infection is an 
indirect effect, causing an improvement in host plant quality . However, in our study, 
only a small proportion of plants were infected due to feeding by SVNV-infected females 
(20%); therefore, improvement of plant quality due to virus infection was limited. Hence, 
we believe that the negative effect of virus infection seen in soybean thrips is a result of a 
direct effect of the virus on the vector. 
The interactions between thrips vectors, tospovirus, and host plant are 
complicated, and it is still not understood why reduced fecundity may be seen from viral 
infection of thrips vectors. Tospoviruses are not transovarially transmitted (Wijkamp et 
al. 1996), therefore a reduction in fecundity may be due to changes in physiology or 
behavior of the mothers rather than the offspring. It has also been shown in other studies 
that fecundity compensation occurs in infected insects. This can include early 
oviposition, nuptial gifts, courtship behavior, and early maturation (Hurd 2009). 
Fecundity compensation is something that increases early reproductive success in the 
organism, but generally also includes reduction in egg production, showing a 
simultaneous positive and negative effect of virus infection (Hurd 2009). Further research 
would be needed in order to see whether hatching percentage or the number of eggs 
produced also differed between SVNV-infected and SVNV-uninfected soybean thrips. 
It has been shown that virus infection elicits immune responses in thrips vectors, 
including upregulation of antimicrobial peptides such as defensing and cecropin B, and 
other proteins such as Toll-3, Toll-like receptors, lectins and complement-like proteins 
(Medeiros et al. 2004). An immune response is beneficial in fighting off pathogens, but is 
also costly for the organism (Hurd 2009). It is possible, therefore, that there is a trade-off 
in virus-infected thrips, resulting in lower fecundity. The activation of these genes 
correlated with detection of TSWV NSm in the thrips, both at around 4 hours post 
infection. NSm is one of the nonstructural proteins that are used to determine if 
replication of the virus is occurring within the insect (Medeiros et al. 2004). It is 
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hypothesized that virus replication inside the vector could interfere with reproduction and 
negatively affect thrips fitness as well (Ullman et al. 1992). 
Many reports show that virus infection of host plants is beneficial to insect 
vectors; therefore, it is interesting that both SVNV-infected and SVNV-uninfected 
soybean thrips preferred to feed on uninfected soybean leaves.  As in the case of the 
effect of Tospovirus infection on thrips vectors, the host preference can also change 
depending on the host plant, virus isolate, and thrips species. In general, thrips tend to 
congregate on infected host plants versus healthy host plants, and there have been several 
explanations suggested for such behavior. 
First, host plants showing visual symptoms of virus infection, such as a yellow 
color, are a possible attractant for thrips, which was shown in TSWV-infected lettuce 
(Yudin et al. 1987). In this study, thrips were more attracted to white than any other color 
tested, although yellow also attracted high numbers of thrips (Yudin et al. 1987). It is 
possible that soybean thrips are not as affected by visual cues compared to other species 
of thrips that may be more polyphagous, or feed on flowers, such as the eastern flower 
thrips. In another study looking at visual attraction of virus infected plants to aphids, it 
showed that certain species seem to be more sensitive to yellow cues than other species 
(Fereres et al. 1999). In the same study, it was also confirmed that the aphids didn’t show 
a preference for virus infected plants compared to healthy plants based on color (Fereres 
et al. 1999). 
In the first study, the authors also tested host preference of TSWV-infected or 
TSWV-uninfected lettuce plants in the field; they found that the thrips populations in the 
field, consisting mainly of western flower thrips, preferred TSWV-uninfected lettuce 
during the beginning of the study, but closer to harvest time, preferred TSWV-infected 
lettuce (Yudin et al. 1987). It is possible that time has an effect on host preference as 
well. Our results showed that during the first three hours, SVNV-uninfected soybean 
thrips showed no significant differences in plant preference, but after a longer period of 
time, a significantly higher number of SVNV-uninfected soybean thrips were found on 
SVNV-uninfected soybean plants. 
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Another major explanation as to why insects prefer virus infected plants is based 
on defense mechanisms of the host plant. There is both herbivore-induced (jasmonic acid, 
JA) and pathogen-induced (salicylic acid, SA) defenses in plants, and it is generally 
accepted that there is negative cross-talk between these two pathways (Belliure et al. 
2005). Herbivore feeding has been shown to activate the JA pathway, while viruses will 
activate the SA pathway; therefore, the virus is beneficial to the insect because it 
counteracted the defense response of the plant to herbivore damage (Belliure et al. 2005). 
It is possible, however, that this positive indirect effect of virus infection is more easily 
seen in host plants that are poor quality for thrips feeding, such as pepper plants used in 
the previous example (Belliure et al. 2005). In another study with a different Tospovirus, 
Watermelon silver mottle virus,  melon thrips preferred to feed on either thrips damaged 
plants (thrips feeding but no virus) or thrips inoculated plants (thrips feeding and virus) 
compared to healthy plants (Chen et al. 2014). However, there was no significant 
difference in the feeding preference between thrips damaged or thrips inoculated plants, 
showing a lesser role of the virus counteracting the JA defense response (Chen et al. 
2014). Further studies that would show more details of the indirect effect of SVNV 
infection on thrips vectors would need to be done, involving mechanically inoculated 
plants as well as thrips damaged plants that were not virally infected. 
The nutritional quality of virus-infected host plants may also play a role in host 
preference. In the case of Datura stramonium (Jimson weed), infection by TSWV will 
reduce its suitability as a host for tobacco thrips, but other host plants, such as Emilia 
sonchifolia (lilac tasselflower), TSWV infection will not affect or may even improve its 
suitability as a host for tobacco thrips (Stumpf and Kennedy 2005). TSWV-infected and 
TSWV-uninfected peanut plants were compared to determine if the amino acid content 
changed in host plants from infection of TSWV. In this case, there was an increase in 
both essential and non-essential amino acids in TSWV-infected leaf tissues compared to 
TSWV-uninfected leaf tissues (Shrestha et al. 2012). Studies on the change in nutrition 
status of soybean plants from SVNV-infection would need to be done in order to better 
understand if SVNV infection of soybean plants would lead to an improvement or 
reduction in suitability as a host for soybean thrips. 
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However, as previously stated, different Tospoviruses, virus isolates, thrips 
species, and host plants will show different effects of virus infection as well as differing 
host preferences. In one study with TSWV, tobacco thrips were tested with TSWV-
infected and TSWV-uninfected peanut plants, and their results showed that the tobacco 
thrips actually preferred uninfected peanut plants compared to TSWV-infected peanut 
plants (Garcia et al. 2000). This is similar to our finding that both infected and uninfected 
thrips preferred uninfected soybean plants. This could have significant consequences for 
virus spread in the field. The choice assays were performed in 15-cm Petri dishes because 
it is difficult to observe thrips behavior and recover individuals on whole plants. It is 
possible that when we detached leaflets, we excluded the positive impacts of host plant 
modification by the virus. Olfactory and visual cues of thrips to virus-induced changes 
may have also have been impaired in the Petri dish assay. In addition, wounding induces 
JA-mediated defenses which can reduce thrips performance compared to undamaged 
plants (Belliure et al. 2005). Further experiments may be performed on whole plants in 
order to corroborate results from the Petri dish assay. 
The intimate relationship between thrips and Tospoviruses leads to co-evolution 
between the two groups (Whitfield et al. 2005). Since SVNV is a relatively new virus, it 
is believed that SVNV is newly evolved to infect soybean (Gullickson 2013); therefore it 
is possible that neither the virus or host plant has had enough time to evolve in order to 
benefit itself. From the virus viewpoint, the virus would want to have a positive or neutral 
effect on its thrips vector, whether or not behavior was modified. Tospoviruses have 
evolved from past genera that were pathogenic to insects and animals (Mauck et al. 
2012). From this perspective, it can be seen that both neutral and positive effects on 
vectors are a result of viral adaptation and evolution (Mauck et al. 2012), whereas 
negative effects, as seen in the reduction of fecundity of SVNV-infected soybean thrips, 
would be selected against. 
Several studies have showed large amounts of variation in virus transmission 
among different thrips species (Nagata et al. 2002, Jacobson and Kennedy 2013). In the 
current study, we found considerable variation in virus level in individual insects and 
transmission efficiency. Generally, only insects that harbored >104 log copies of SVNV-
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NP were able to transmit, but within this group, insects with >107-<108 showed no 
transmission. The average transmission rate was 20%, which is in contrast to 67-100% 
transmission efficiency reported by Zhou (2013). In our study, we used one adult female 
per plant whereas Zhou placed 30 virus-exposed soybean larvae to inoculate plants, 
which could have increased transmission efficiency. Other differences include thrips 
populations and soybean cultivars used. We did not find correlation between virus level 
in individual thrips and any of the life history traits studied. However, SVNV-infected 
individuals had lower fecundity. The implication of this finding is that as virus infection 
increases thrips populations will decline, which will in turn affect virus spread. Virus 
transmission is also affected by adult longevity of the vector; longer longevity will lead to 
greater virus transmission (Nagata et al. 2002). Further research is needed to investigate 
the correlation of virus level with other life history traits such as longevity. 
 
Potential Vectors of SVNV 
Since the virus is not passed from mother to offspring, the thrips must acquire the 
virus as a first larval stage (Wijkamp et al. 1996); therefore there is a limited time frame 
for thrips to actually become vectors of Tospoviruses. Even if they are able to acquire the 
virus, it isn’t guaranteed that they will be able to transmit the virus as adults to clean plant 
hosts. Here, we studied the life history traits of eastern flower thrips and tobacco thrips 
compared to uninfected soybean thrips, in order to determine if all three species showed 
similar life history traits on soybean plants, and thus to estimate which other species may 
be possible vectors of SVNV. Since we know that soybean plants are the main host for 
SVNV, it is important to determine life history traits specifically on soybean plants. 
There may be other alternative, or weed hosts, that the virus is able to infect, but it is only 
the plant species that are able to support both virus and thrips populations that will be the 
most important sources for virus spread (Groves et al. 2002). 
At this point, eastern flower thrips and tobacco thrips are both potential vectors of 
SVNV. Both species are consistently found in or near soybean fields during the growing 
season. They are also more polyphagous than soybean thrips, and thus could contribute to 
the spread of the virus to and from alternative hosts, which would maintain a source of 
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inoculum for spread to important field crops. In the case of TSWV and tobacco thrips, 
many annual, biennial, and perennial plant species were found to be hosts for tobacco 
thrips, but not all of these species were able to support tobacco thrips reproduction 
(Groves et al. 2002). 
Our results showed that there were significant differences in life history traits 
between soybean thrips, eastern flower thrips, and tobacco thrips on soybean plants. Both 
eastern flower thrips and tobacco thrips had significantly lower total fecundity on 
soybean plants, meaning that these species may not be as important in SVNV spread 
within soybean fields. However, eastern flower thrips had a higher juvenile survival on 
soybean plants, although the difference was not significant, so a comparable number of 
offspring may still be possible from eastern flower thrips despite the lower fecundity. 
Eastern flower thrips also had comparable development time on soybean plants compared 
to soybean thrips. Tobacco thrips showed the longest development time on soybean 
plants. Based on the results of life history traits of eastern flower thirps and tobacco thrips 
on soybean, even if less offspring are being produced, they may be able to develop faster 
or are more likely to survive to adulthood compared to other species, and thus may still 
be important in the spread of SVNV. 
Although the eastern flower thrips and tobacco thrips that we tested were not 
positive for SVNV, they were not intentionally exposed to SVNV-infected plant tissues. 
Both eastern flower thrips and tobacco thrips populations that we had were maintained on 
kidney bean plants, separated from the soybean plants and thrips by thrips-proof cages. 
Further research would need to be done in order to confirm whether or not eastern flower 
thrips and tobacco thrips are capable of acquiring and transmitting SVNV. Further 
research would also need to be done in order to determine other alternative hosts for 
SVNV, in which eastern flower and tobacco thrips may be able to spread SVNV to or 
from, and thus still contribute to the epidemiology of the disease in soybean fields. 
 
Management of SVNV 
SVNV is still a fairly new virus in the United States, and while there have been 
progress in understanding certain aspects of the virus (Zhou et al. 2011, Khatabi et al. 
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2012, Zhou and Tzanetakis 2013), there are still a lot of details that are missing. There 
are more than 8 different species of thrips found in soybean fields, including eastern 
flower and tobacco (personal observation), and it is possible that some of these species 
are vectors of SVNV. Therefore, it is important to determine vector competence for each 
species that are found on or near soybean in order to better predict virus outbreak. 
The interactions between thrips-virus-host are complicated, which makes 
controlling Tospoviruses difficult. Disease outbreaks are dependent on the biology and 
behavior of their insect vectors. Current management options for SVNV are to use 
insecticides in order to reduce soybean thrips populations. However, the use of 
insecticides has been ineffective in controlling thrips species in other scenarios, such as 
suppressing TSWV in peanut fields (Culbreath et al. 2003). More research needs to be 
done with alternative hosts of SVNV. Managing overwintering sites for either thrips or 
the virus would decrease the abundance of virus in the spring and thus reduce the amount 
that could potentially be spread to crops. Also, looking for more resistant cultivars of 
soybean could help in managing the virus spread as well. Finally, the apparent negative 
impact of SVNV on soybean thrips may be offset by positive effects of the virus under 
other stressful conditions, such as high temperature or drought. Further studies as to the 
effect of SVNV infection on life history and behavioral traits of thrips under different 
abiotic conditions would also help to understand the spectrum of interactions involved. 
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Table A.1. Species composition of populations of thrips during the soybean growing 
season, collected from suction traps at various PAC locations in Indiana in 2013. S = 
soybean thrips; EF = eastern flower thrips; T = tobacco thrips. 
 
 
 
 
 
 
 
 
 
 
2013 June July August September October 
Location S EF T S EF T S EF T S EF T S EF T 
PPAC 1 27 0 5 46 0 25 66 22 31 9 10 14 1 3 
NEPAC 18 67 1 2 23 8 110 323 25 188 104 44 17 3 1 
SEPAC 7 253 3 0 0 0 21 126 30 31 10 12 6 2 5 
DPAC 5 512 0 3 76 0 23 71 35 81 42 31 29 6 3 
TPAC 0 0 0 0 35 0 156 304 26 33 33 14 11 6 1 
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Table A.2. Species composition of populations of thrips during the soybean growing 
season, collected from suction traps at various PAC locations in Indiana in 2014. S = 
soybean thrips; EF = eastern flower thrips; T = tobacco thrips. 
 
2014 June July August September October 
Location S EF T S EF T S EF T S EF T S EF T 
PPAC 3 101 1 3 108 4 99 55 17 38 6 3 14 1 2 
NEPAC 2 72 4 9 480 11 168 389 53 111 33 23 11 1 14 
SEPAC 30 271 8 26 65 5 187 208 33 104 34 64 3 12 15 
DPAC 2 134 1 0 65 0 241 272 47 77 64 19 9 1 3 
TPAC 5 160 0 13 107 7 111 309 27 24 26 14 18 2 1 
